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LINER KXPAHDER 

This invention relates to a constant force spring device, and 
ciore particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being sli C htly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first- stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed In wells 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the Invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein; 

Figures LA, IB and 1C, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure }is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die IT 
is held in place between a lower Bhoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 24 slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 24 moves in a 
dovnwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 arc held in place on the shaft by collar 27 and circular groove 28 
provided on the ohaft. 

The expanding tool, comprising the first-stage die and the second - 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, aa 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Ifeon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out H 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the friction*! 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower 6houlder 
member 38 forming a portion of a differential screw element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4la and if lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 4$ so that it can slide 
longitudinally, but it ia not free to rotate on the Bhaft. Fixedly attached 
to the lower end of the thimble la a friction member, such as bow springs 42, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw waa made up using five and one-half threads/Inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 57 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lower 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
vhich the ends of the columns are inserted. These grooves may^be shaped to 
conform vith the s.iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the 'spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo^e tovard, or avay 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
Hovever, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed, ?or example, pina or 
rings mounted on the shaft may serve aa stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhich aa shovn here forma a portion of the body of the spring 
device, vith ends of the columns fitted in the racea 47. The columns may be 
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fitted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the colu=n may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvature of the column ends, Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is nonnal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0. ^38-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A.l.S.I 
•OUO steel, quenched and drawn at 575*F. Each column was found to require a 
20 critical compression loading of *50 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA-ABC. Actually, 
this curve is described by QABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress just below the 
30 yield point may he used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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approximately one inch, at which the longitudinal deflection was approximately : 
0.225 inchea. Prom zero deflection to the maximum deflection, the 450-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon congressional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.04 inches 
(buckling) to about O.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the aims 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 42 engages with the 
wall of the casing and prevents thimble 41 from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mo,*d upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 24, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expend it in the casing in the manner described hereinbefore. 
30 me foregoing description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

X. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner-forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to ' 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said am members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring member 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limi t the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said columns. 
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k ' °* devlce of c ^ 3 wherein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 wherein said stop means comprises a 
sleeve-like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve-like element. 

6. The device of Claim 3 wherein said columns have a rectan g ular 
cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7« A device for installing an expanded metallic liner in a conduit 

2 which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of arm members disposed 
k circumferential^ around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentially about 
said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plAte member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said arm members 
outwardly with a substantially constant force • 
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data ia tte «tot4, U u M*ly ^pataak&o ^ a tool to aaa* rtrtafc ndvr no 
drtMitneu «tll Wo« »ta* la tte wall »r ucaa* <wp to tfe MU. Any 
teoMia owintti la a «U mm tanaU ia cmtftawMo to— la Ua «ft 
an«t cswm 1» Mkuc waaira. 

A» oa>ot tte prMii iavavtlfla ia a *•* «MUyU( • «*»- 

ia «r atw alalia? « ■ ■■■! « a* thai a vra~ 
i to uutM aaftlaat a ji-e*. teoUaw ***** ia aa 
I toaX Mr f m T*O t<m t mNUU ltaari la a taM«, tout* 
jo aMaattw'taal m aj»W a» avatar item a araa«ta«ala»l taao to tte lia* 
wug laataUaft la to» «a*«i%. ttOl aavtter ©a>rt af tte lavaattoa !■ aa 
aa—wiaW «■* fatolaatoA. aaaatoxl forca wt«« terlai. A twites 

a\Jatr% la a iMPil. — T to o aa t* M «r«*1a« tool «M>la/i*f ma » «grto« 
d#rl». Bin am* rtter oajMto af taa lavaattoa rtU teoo» tpvanot V 
Mtrittlo* ar tin lavaattoa* 
» vita tte pwNDt uratun Ifcara 1a yowtoa* a •cu- 
rb nnaprf— * toa* i 
iImK agaoaaa aaU toAjr •••Mr. ka*rL 
••*« •* Mia catoaa t aaa af mU wtoj 

flD- MftlaaUy ama^U la nunaat af taa otte* ma ttopaaaa* m 
t» liat* Ma 4afto«tiam of mIA aalaM aiaaaca to tan*** i 



to a Mai Ma 



a attaUio llaar laaftte 



• aaatoat taa 11 Mr tola* lartaUaA to taa 
aoatolt Vj a uAatoaUaUp coaalaat ten*. 

M/ lKMUa «&U to totter i«<i rtno« tr »•<»«■** ta tte follow 
to* aaavrlytdoD wl ia* — g a paayiag avaaiaf* wteratot 
3ft FSmtm U, 11 aaa 10, takaa to^taar, awwUtato » j 

ti*»ml tiaa of a awfvxraA —toll—* af • Itoor amnalaf too* i 







^^^^ 
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TLgarn 2 m mdUpowO. »W« tf tfca t{9«r«tw of U trao «t 

11m 2.3; Md 

Vigor* tyjdol »>oL or rail** raa wnw Oftflactlon for 

to» coattft /era «pm* dmrioo of umnua, 

tefonlaE -k> UM ravlra, flora 11 U to* totfccai ratio* «rr • 
lira araottiM tool Aw ra Jo ratalllM o -raiuo lira la ♦ well, 
n*u» w Uxaatrora *N» »tMl* Mrtia of raa a tool w flam 10 tci*v 
MU uo Nrtia or tM tool. Ita nprflVI tool U It i fcrara U> 

fUimi mU Mdie u kr raaraaj 23 tfji-ojj. My >• loraot mm ra 
wrra itarao* * otU «U| (w* W ft Mttt Is V* r«W at aMoo it 

im rainl W raVlt a aotolllo llw. B»rra irarllM ra Wa»- 1«U> ra 
wll« n fw-ucmlly onrrajra* lira It fwicatol tro* aim ttaol, 

ok alter m1W«L» rairaJo mWUI, 1- *ra*4 a tk« Vool »* «c*T-u#»t*d 
Um 1« oaraofl la raltlM tr oMUot tt it* raor oafl rtth a cjlisdrfoal 
■toUfar —ray 16 Md, «t i%- lowar cat tr «lt* a «iti-iU|B ovpra- 

tW «to IT U ra Tar* of • U rara A dmlu rara m « /IKV 

ttm aaraAUg dlo U ra — ra r raoiMftor ora*ra«. uprara; «j* U 
ftxolly ottaraA to • otttnOJ; lotara, alMMtoA erttaftUcml bnLra »b«ft ]3 
Mich form* » aartra of ra VsV^or ra tool. *• itau, ra oraadlni «W 17 
U Mil SB flra totvra * Ira* rattrar J$ nd oollw n tmodoft onto ra 
raft. .A fWllVi or ooralo ora n, ramkly ftowraA »i* oranUjr 
MlMMt fortlOM 0 rar too top 1 , trfo WMK to ra torn of » • 
imai raft- 16- TW rajSMfl ra%to*a of im mi 23 rao raot ■ 
NMA tte Irar to ra*tM ra CUol ra» of upttn Ita 
Umt IMo » sraratlaUr «tU^t1m1 fbopo. IW tra «rar« K ra >i«otoll7 
ottoral W tM raft m m to to mmbIo oraotOSr m tht rar* & umtm 



sorar at slloray pcltiora m tbt raft to raw aa 
9» sarf ra of tta mil i r at, u ahoan, worn* ajMiUj «Uof ra 
<Mrt to aoMM Mitt ra ma aM am raa oarartly. Mrataaraoly, ra 
Isaloo rafraa of ra ara 82 ra tu ollUUa cazfra of araoftloc rater A 
fttfi oottag Matira, Vjtf •all* araraal la rap*, tba OMtMl M of ra an 
rafcafa la ratnUad >y X* moSUm of ra ratar at itlcH mm apradlj 
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mUi It cootuta «ko«UO* 06 prorKi-d on V« eWt. A. »te * ow U» * 
domrdl? UivcUo" ono> » fold inuUr ***** am **-ft. ft* np^W 
asm 22 oro faoU lo ea too thaft by coU«i »T **» eiirmUr prow a0 

prortAoA on the shaft. 

flto taca, ooooyLolo* %2» flvwV*t*#* 41» o»i tfco *o«00V 

otooo Ala J. ima Ura^ tM lioor to wrf*t* 1% olooo t» to* ohUr. T% 
fUot-otooo 41o prtriiw * tttotwbion U»»r *o tool It 1» 

, ,,.1,1 artm<b «#lMt U# «tH of tb» o**loo;. B» oooooa-itao* oi* too* 



10 oortboo of tto Umt Ml to tro*14o **o» oootaol totooto 1*4 lima ml 
too -Mil or 10* cuu| ad affttrt a mno-tiojit imI- 

Ia o**i*t±OB, too U»*r oottm* tool 1* wnom « too ovfocc, m 
dooorlfteo A1W, aol * duo CloU aatoatol with » nrtM- oounal My *o 
nmpf*4 aiwd* tM corwojtoi Moo to tem too liner, to* Mgr U lxrtzr* 
lot* to. wll o* %ml loofttiaa ot rtUfc ta* Hoar la to oa oot. & iiqoSd, raeh 
** oil. t. torn ooior nwan torn 1H» «»1L tnM*« ool novi towa* 

Mm mm^mr t$ snrrlM U ©oliobad xol 31, tlnou* oorto # art mto ayUA- 
tor 39 um»i»t«1 t* tot vpv* a** of tf» AbooldcT %om tbo opallBBtloa ox 
flail fronun to tba ayll-iT, «- platoo * ooao^A to poilooal rtf 91 «*••• 
«J *««rt3y la «fH*« A* ooom. rod 96 oonoooU pollihoJ *J- oad ahoft 
IS *f<m. aMab i» mM to* ftMt-iUfi BOjooOlaa 1X0 17. *Wn «*- pswoo, # 
t 55 tbo OJvaaftUc dlo XI .a** too t 
too ■owrojofcot U**r a* i 
tto icnyllOM u tbo Umt, -o toot to* onooM Unix aogr 
IoaUo mU of too coolof to *%U» It U i*»UUod. FooltSooot oo too 
>»Ui ontut rooroo iprisg noftvr 77 

«T OOBiOOt «* OOOOOdlot ■WMntti 

nOotootlollr •oootoot./eroo. Bio foreo oxoartoa oootort tho tx* ootQAr* 
ontetootloU^ ooAotoot, ttao foroo trooooltto* tfcroioji tao on ooofcon to 
90 Uotyood to tbo oosUf till Vo .ArtoMloW ooootort 00 uo^oitooi oUoWoi 
of tho tool to too < 



EZE 
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lanmt btttra too tool «4 ilmttr *od V* V*""* «*rtod <|*tMt to* im- 
1*4 «m latolowl »t jtrttrunlMA )~f*3». fkt PonvUvt tost* ■print 

1 1 oauM tovt tte Mm*** fntNN W*mco" %>• U«r fond* oorkica 0 
of to* •*■» n 1* pmi mm* to #r*rUt tte toftxto ldtnitl« of to- «**- 



The wutMt fcnoo «prf«a •o**tr 71 li •lite*ly aouBt** at too *»*rt 
10 Mi hT* toUwn to* «xyw*l*« limit Mail eyltetrtoU Immr 6*cmUd* 
«*to*r M fond* » partt« of * UrtmttoL icm «l**o*t 99 toito wtoaut* 
im kwtU< a »Fci«t I Jt to ****t i 16. to* ttffteOKfttel ••»*» 

10 «teNt wprl-N itoft — W ifl to w orttlto if^»^-U t*r**to 
16*. to* towr ii iiliir — 38 jwritod *to itotf* tfeoaU 56^ i 
■■Tin v * i — wlto tktoi Ui^^^tM ovtolto oat im i 
mtUf^, to *njNi» *lt* tirab on to* *Mft to* .to*U*». 
M %« of torn** *r* rmm» w f t*r»# ■oUfiM ** 
to vltt»t»al nn M*» iooto ■* «ff»» U *ltob oa toot otootorr 99 t» a*"** 
ooomOt o* tte itoft lA too* to* tten 1* jvwmI r*Utm to toitol* 
to* itodMr 5ft to *oomtto to to* torft 1* V »U»« *5 m it cm ill to 
toagltottMlte. tot it u ma% rra to rototo c* Uh> «tef t. TtwOly *tlooteA 
to to* km «ri or to* tottol» U » mctloa oe»**r, mh - to- ^ortofli 4*, 

*£ » Vftnsiloollr nt*"— frLctio» soft, or otter v*to mvLm for MoucDtliy 

«i a to* iMito ©f to* uetoit to *©*■*■ 1 

frotftUO* toto 1 9wm% to to* *tef*. rrofortoly, * 
****** torooto 3m 1* to* o—O u tost of too ton*** 1**, *.*• rl«1i*- 
looi. of *mIi 16V to Ultfrtly pro* tor mm* 



to** *r otooto* 58*, viui to* plto*. roU* teto* to *totr. & to** 
„, ciocx-wl« rMBUo* of to* om «Win to to* tottoOo wumm 

oyrtly eft *nriDi ilan 3T to con tosUtof. Fbr «mi«ji*« o*» *rtl*ftoto*T 
*Lff»r«rtl*l *»w w* -to ">oHD| flw *to oo^telf iMtoto/totb MtW 
90 tpoto m o *toA«pBrada»toly 1.7-toto osulto dla*to«r oto tto* *ot fcteoo- 
, tteoato/lftto -9«ro toroto* o* * »to*Mn *vpraxla*to]ar fi.^toote« 



9 - 
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MuMt term wjti** t)— n M oo»*rlw» «»Ua« •Ummn% k>\ 
UfKHlj «r»n^i*« or a alaralltr ** «:><*«rU4 oalm» *lu***«d araoA abort 
id. Djgor Xv>M M^r k* U u eotrtAct vltti 1k. -**r «d« of 

m*M hA 1* *l1i»Mj r>fi** # T^ or. «fc*rt ifi to tnmMi *a- fere* of tta 
«*rti* w ^4^ti.>ii r ^t««t Uo ***** «* or «p«Oai «*.r *. fercr 
taortM y^cto Mitar M ontae* «^ V^/ oatt of the *ai_ no it mtmA 
aaw»*J* aloa* Moft fcy laajtfaolloal a a n oi H Mr »te»14*r * a» • 
tooHI of ct*1«U« AiffaroaU.1 oaraw alaaaot 39- OroooM ¥7 tfo p«*tAai 
la — ■ 9t taa aaarlaa; plolQOj to fara aa ^aa* am aa* a loo**" lot* 
20 **■» too o»t» of Ita OOl— ■» lnaartaft. tlM» powiojW iM U 
oa«<am Mto Ite aaafo or to* aafaam art. \f -aairat. A «ntf * «oy W 



A uoi for n» Arfiwrtloo of u» PBto—o U rotairal. 

i Uo «Uaa* «uoBifwtl(ot la a bnllra ooautiom, tpalUoUoB of • 
m HomUfl *a* taaroto m*0A aaua» total faiwa or raptoro of <*• 
, • pHx of atop* t© -A «*• yrari—a im tali paw*. 

, rlaUlp emiM M taa aMorlajt plot**, aao, la 
r aoi lav llalU** turn* portion** on tba 4mt\ to 
» «U4e loogitadiaaUy taaraoa. fln oato or ta* atop* aky ao*a vwart, or W 
frB* # a*** athar a. U» H»i oa tAa aaabo *«*•*. Xflwr »Lat«* *9» 

1. aatoaataa from aaai* loam ar ta*r MUo 38 .oaaaata* to t* **«. *. 

, u> ^ ^ t-, Vatoaa* tta oata la «a% ao to llal* V* laaajtodtoal 

liaaal aT tat aanlas plata oaator* •» tta? aov* toa»*»*» io F**"^ jtraaaant 
c««***KUoa of tba aelaaa ■laaaaA »3. aurtoa* «ltotaatl*a aaaa* for praaast- 
SAC daaaja to the ooJ«a> aiaaaaa mmf *a*o at aaplapoa, ror axaapla, *u» or 
rlaa» aoaataA on too oaaft aaj mrm a- •too., or Itai oo*»r W pxcrlAWk «cti> 
aala^tlo ooaatat ioaf at aa>^Q«A for tAl« parpow to U»t loo#ltnlin»i 
aad/or kUhd aartaetlOB of oo1sm». 
30 «• oolaw of taa calaas daaaat *J aay to arraa«aA anaM u» 

oaft lA> tbloH aa oaoaa aara rarat a yoriloa pf iAa VM* of U. tjtlaf 
imo. aitii aaaa of taa aalaaaa fit** » ta» r«aa> »T- «a> aalAM aay a» 
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nciod clooUy to«*itor aa oton, or to iptnd «rvd U* Tito W 
satoia urf to(«m to— w> aaiotola toe ajftrtag- l*o «-**J af 

actoaai wpLoyvd vlll vpea c*>1<h c»»'*«WLrtftU.c» ul ttao wttfUU of 

oooot/wttoft. fbr ov^U, toa uolmra rotto or tto coXaaa to aula* 
Tiftalj, o*A too eelmm oof* to jreend, fla*, Mao* ar Ma**. Q» afoftnai 
tartmHV la a tola, a)a>ator taiaam vlto icanto* aa*a, fnotoaxt rttola 
tto ium ta^Mft to toa ivmUrft ac tha aolaan Xatotlal* aMafc aajr to 

totlafacrtcrli* aa>toaaa tor toa la la a n mm «ar%a» *** J 



[mm ~* oicaol-okro*— atotolaaa atooio. 



16 »» j tun ^ n tot», tor*Hlao aeffor, too "a* aaatol oJloju «■* <** 

aatortoto aaovldioa; aatlafoctory i natoaiaml a**arttca> T>^>*iiy, ito Ult- 
mwtor too* rntoaau cr aaa aaatio*, «iu> toa udto toiog 
• tftm too lAActooaa, an* *rr«a#td *o toot to* hum xaeo of ton u>i«« 
la mnaaaJ to toa olaoata? of l*a abaft. Tfm, *lto aoftlclafift eoojrfoaaloa 
tooling, too ooloona tockla, ana toad abort -tfaa art* oaring tot loart 
Of Inaxtlft, oyW«4l7 aaay fw toa anatt Ifl. 

fbr •zmqOb. ft crov of ©ol»a*« D.US-lnah tofc*. >y O.ftM-ioch aloe 
oy 10«6a6-i»cto» l«og# wii^ taa and* twH«a, vara fatarlootoa. froa A.X.6.Z 
kjko m—x. tpuM an* Aiwa at J73*»< oolnaa aaa f<o»M to raffxlra a 

to crltdaal avojcaaam laatlog or MO poaod* ±m o**ar to tonkin tto •Aiwa. 
. fxtvr too Hi too aaloon a vara faant to a wry flat •i**Ug cfcaxnctarl»- 
Ho, aa aim 1ft TWava J, Portia P c to ttaa nrftiool toftUto* load 
0 njiaaoala too Into nad iaftooUo* at ootoH ton mitf la too art 
«r too aaOaam aooaat toa jiftlt »otafc of Uanartartal. ttooroMaaUr. toa aaaaa 
or tfcto aprUaj oftfttaatarlatlc aim la daaarltoa to aurta Oa'UO, totoalljr, 
tWa am la <atOorl»al >r fiaJO «ua to frleldon la toa ayatoa. rotofta a on* i 
i am a int typloal yom&c ltolto # KUOfti of eoaraa, to wica kcm*1«i to 
tu aaallaaidoa fo# Mdan lba april* la daalaaofl. Tor anapla, atow ft U^aa 
oaafeor of ftoalac ayalaa ara not aotloitffttad* a oorklag »txaaa >iaft aalov tto 
JO ylall coUa aaj to aaoa, WMia alto a fztot aaaftor of ftoxnraa, iha raklitc 

atxoaa «v to told to toaa ttaa toa ootoooe* Wait of tto ooUrlaJ of koaatraa- 
atoft. to too ftooai aaHaaafl toata, toa totoiol UoXtoetlaft ftoo Uaitod to 



i 



llzTIi 



http^/patentsl .icgc.ca/fcgi-bin/any2html 



007362*8dis.afePftge8 



Page 1 of 1 



JS2 


ES 


SI 


Sit 







•FfCCtfiMWlj cob at *ao* too lormiCOfUAai doflcrtt* «*« aaararlaaVO/ 

O.ttJ VKtel. Iwa aafJUttioB to U» a nil — taflac**— , Ua *50-pow>d 
lOOdlBf iu M to *0 0*OiOOtlallj oOattOKt. 

Z» iwttn «Mt » aorta* 4f^te *** tallt, *» — »l«yln« 80 
nA tatfcaj • orltKaftl taofcUac lA* «f 12$0 taUaml 

bM 0 ax* otomt >X» uckii *f ^v*ojb*»W1j P 0 *' 



o.<* 

,*«taatf 11y «i P,0CP 



Qroaavoa, la«ort»«iM**i»l»e»l^ rt ««' fc ~* t *" M, ~ u ** ,# 
to dotal* fMMii to***!* of lm***llml oaOaoUa- ft* toacifloa 
mlM of |pN — ftoflaotioa *~* aritie*! t#U*| load, aai*taAol*« 
«** itNN loaol U tut eolw «t ft «ftfo Ivml* Vm oiafaxroi oolaaaa, Uftxa- 
, aao» la n«srM u Bad 2, *it* -Attala flftt i 



vdt« tb» 



I» too opantdc*. or u» ako*» oaooodUt tool tm wtwi > tto«* 

in —11 «Hib Bodo-a* 0001 La latum* Uto too Ball ft» actional abota, 
wltttteftXM 82l>tt»rotaMto&poaltloft> Ofta* taa tool W < 
fl» Waal, taa -all tUfcdlf la lOMlmo. B» frio%l«ft BOftW tf i 
—ii «f iu aftcuf ant »ia«aa t a Udaftl* ftl Cram rorolrlaa 

«» fftfaa* 1— r » ■<"•* o*o^ * tlff-raftttftj 

r 99 to Vaatl* ayrtM alaaaal 3T • jrtlilaBBlraftl oilMaftl 

*U load M tnoooltoo* aF-adl* opdaaft at* tt-or tad of • 
• ^oilM ttporol owfaw id tw«» e» 

too aia» t> to was tba <a*aa ostaaudls al«* a oaWteaMally 
ooaatamt n*tm jwportioaai to tha critical baakiia« load of t» ayrta* 
- 1 r - r i nii xiiMllj tba o^aaMaf tool if #•*■•* thna* Oft Hoar to 
Mpjgjj it is too caaia* 1ft «» aftoaor daacrltaft ht/olatofora. 

Tao ffwayilaf doaartptloft of ft acofomd aato tfaya ft of a? Ivoftttoa 
Ma fcaaa *to* ror too moot a! axaaplifloa*!**. » bo ii>ft«tooi tfeofc 
galoot ooolftoatioaa 1ft toa AatoUo ** *aoot»«rtloa will toooao «poor«at to 
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